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ince Maier’s work (1) first attracted 
S widespread attention to the phe- 
nomenon which he described as “neuro- 
sis in rats,” the door has been opened 
to controversies concerning the exact 
nature and basis of the responses he 
studied, Most attention has been paid, 
however, to variables affecting the neu- 
rotic pattern, and almost none to the rela- 
tionship of this type of behavior to other 
behavioral functions. Although numer- 
ous studies of learning and discrimina- 
tion performance have been made with 
rats, and many reports of abnormal be- 
havior in rats are now at hand, only a few 
have been concerned with the relation- 
ship of learning to abnormal behavior. 
The experiment to be reported presents 
data on discrimination learning in rela- 
tion to abnormal behavior in rats. 

The experiment to be described is a 
study of: (a) the relationship of learning 
ability and susceptibility to sound-in- 
duced seizures in the rat; and (b) the 
effects of exposure to noise on the per- 
formance of rats in a difficult discrimina- 
tion situation. 

The general plan of the experiment re- 
quired that rats be practiced on a dis- 
crimination problem. Then they were 
subjected to auditory stimulation, which 
produced convulsions in certain rats. 
Finally, they were studied as to dis- 
crimination performance for changes in 
error scores, time scores, and qualitative 
behavior following the exposures. 

Fifty albino rats, 27 females and 23 males, 
finished the experiment. They were taken from 
the stock of the University of Michigan Psy- 
chological Laboratory, and they were not se- 
lected in any way except for age. Preliminary 
training was begun when the animals were ap- 


proximately 414 months old. They were some- 
what more than 714 months old when first ex- 


I. PURPOSE AND METHOD 


posed to sound stimulation. None of the animals 
had previously been used for experimental pur- 
poses. 

The animals were fed throughout the experi- 
ment on the stock laboratory diet. The animals 
were housed in standard laboratory cages, segre- 
gated for sex. The living cages were located in 
the same room as the apparatus used, but were 
in a different room from the sound-testing ap- 
paratus. 

The plan of the apparatus is shown in the 
accompanying diagram. It was designed to repro- 
duce the setup originally described by Maier: 

“In general the experimental situation may 
be described as follows: Three tables are placed 
side by side with their near points go cm. 
apart. From the central table an elevated path- 
way (made from strips of wood 34” x 34” in 
cross section) is built. This pathway branches 
into two symmetrical parts, one arm leading 
to the table on the left, the other leading to 
the table on the right. The right (R) and left 

(L) tables are different in size and shape and 

so have decided differences in character... . 

“The rats were trained to go to a stimulus 
light (electric lamp wrapped in brown paper) 
for food. Since the rat was placed at a central 
point on the middle table and the food and 
stimulus-light on the nearest corner of either 
the right or left table, the rat, if it is to get 
consistently to the food without error (going 
to the table without the stimulus light) has 

to react to the stimulus light” (2, p. 289). 

The pathway pattern used in the present ex- 
periment most closely resembles Maier’s pattern 
(d). The size, shape, and surface of the two goal- 
tables are purposely made as different as possible 
in order to aid the animal in orienting itself to 
the situation. The pattern was not altered during 
this experiment. 

The stimulus light used in the present ex- 
periment was an electric bulb mounted on a 
movable frame and enclosed in ground-glass 
panes. The frame also carried a foodbox con- 
taining the reward, so that cue and goal were 
one structural unit. 

In operation, one animal was placed on the 
starting table, allowed to look at the light-cue, 
and permitted to run the pathway to the food- 
goal. At the choice-point, the animal was penal- 
ized for an incorrect turn by increase in the 
time and distance of travel needed to reach the 
goal-table. It is evident that while the basic 
problem is a visual discrimination, there are cer- 
tain elements of a delayed reaction problem, of 
maze-running, and, possibly, of reasoning in- 
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Fic. 1. PLAN OF APPARATUS 


volved in making a successful solution. 

The animals did not receive enough food dur- 
ing the day’s trials to maintain health; so on 
completing the daily schedule, they were placed 
in groups on a feeding stand and allowed to 
finish the day’s ration. 

Twenty-four-hour hunger motivation was used 
throughout the experiment, The amount of food 
was controlled in such a way as to obtain 
prompt running activity while maintaining the 
animals at approximately constant weight and 
in apparent good health, and was varied slightly 
from time to time during the experiment to 
meet these requirements. 


The rats were given a preliminary training 
period of several stages before being run on the 
apparatus described. The purpose of the train- 
ing was to establish an association between the 
location of the light and the location of the 
food. This training was identical for all animals. 
The preliminary training program covered 
period of approximately ten weeks. 

The procedure for running was the same for 
all animals and was constant throughout the ex- 
periment. All animals completed ten trips on the 
pathway each day. The 50 animals made a total 
of 500 trips each day on the pathway. 
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EFFECTS OF EXPOSURE TO SOUND ON LEARNING IN THE RAT 


It should be especially noted that: 

1. The animals were allowed to correct 
their own errors. No animal was con- 
sidered to have completed a trip on the 
pathway until it had reached the food- 
box. 

2, The animals were tossed to the 
starting table from a distance of about 
two feet to prevent the experimenter 
from orienting the rat inadvertently to 
the right or left. 

3. The position of the goal light was 
changed during each day’s runs accord- 
ing to a predetermined “chance” order. 
A given order was repeated every fourth 
day. The same order series was used 
throughout the experiment. There was 
no evidence that the rats learned it. 
Thus, the rat could not succeed by main- 
taining stereotyped spatial responses but 
was obliged at every trial to face a repeti- 
tion of the problem as to which path was 
correct and to solve it in terms of the lo- 
cation of the cue. In this respect, the 
setup differs from an ordinary maze- 
running problem, where standardization 
of certain spatial responses is the es- 
sential requirement. Once an animal has 
consistently achieved an error score less 
than that to be expected by chance in 
the present problem, it may be said to 
have “learned” to obtain food, but 
promptness and accuracy of performance 
may continue to vary as a result of other 
factors, e.g., motivation, alertness, fa- 
tigue, etc. The animals were considered 
to have “learned” this problem after 
20 consecutive errorless trials (10 on each 

of two consecutive days). 

4. The animals were run in the after- 
noon and evening as much as possible to 
minimize distractions from incidental 
laboratory noise and to reduce general 


illumination. 

5. The individual rats were always run 
in the same order so that the interval 
between feedings was approximately con- 
stant for every animal in the group. As 
the animals varied in their speed of 
running with training, the time of run- 
ning for any given animal varied some- 
what from day to day during the course 
of the several months over which the 
experiment lasted. 

6. Vacations of up to three days were 
given (to all animals at the same time) 
at irregular intervals throughout the ex- 
periment, because it had been originally 
intended that the effect of such vacations 
would be studied. 

7. The pathway was located in a dif- 
ferent room from the soundbox used for 
making auditory exposure. 

In order that the effect of exposure 
to sound and of sound-induced convul- 
sions on discrimination performance 
could be studied, animals were subjected 
to the following procedure: 


Exposures to sound, intended to produce con- 
vulsions, were carried out by placing the animals 
in groups of four in the sound chamber de- 
scribed and exposing them to the sound of jin- 
gling keys for a period of one minute. The ani- 
mals were exposed to the noise of jingling keys in 
a specially enclosed soundproof box. The keys 
were mounted on a motor-driven arm. The top 
of the box was transparent to provide visibility. 
The box has been described (3). One hour after 
exposure on the test days, the animals were run 
on the discrimination problem in the same way 
as described for the preceding part of the ex- 
periment. 

The division into experimental groups was 
made so as to equate the groups as nearly as 
possible for litter, sex, and discrimination error 
score for the ten days just preceding the first 
exposures. 

The sound exposures were begun on the sixty- 
second experimental day and finished on the 
ninety-eighth experimental day. The experi- 
mental design is given in summary form: 
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SCHEDULE OF EXPERIMENT 
Group A Group B Group C 


Preliminary Training 
Discrimination Practice 
Test Period I Sound Exposure Sound Exposure Control 


Test Period II Control Control Sound Exposure 
Test Period II Sound Exposure Sound Exposure Control 
Test Period IV Control Control Sound Exposure* 
The records of errors, time, qualitative be- were taken by a single observer, the element of 


havior, and convulsive pattern were made for personal error is, so far as known, consistent 
each animal. Inasmuch as almost all the records throughout the experiment. 
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II. RESULTS 


\. RELATION BETWEEN LEARNING AND 
SUSCEPTIBILITY TO CONVULSIONS 


ECAUSE extensive data are available 

for the discrimination practice 
period and for the exposure tests to 
sound, it is possible to study the rela- 
tionship between discrimination _ per- 
formance and susceptibility to convul- 
sions. 

Auditory testing began on the sixty- 
second experimental day. By this time, 
only 18 of the animals had satisfied the 
learning criterion of two consecutive 
errorless days. Therefore, the relation of 
learning ability to convulsions was 
studied in two ways: (a) regarding the 
learners as a special group; and (b) for 
the entire group of animals. 


1. Incidence and Frequency of 
Convulsions in Learners 


Incidence. Of 18 animals which 
had met the learning criterion before the 
sound tests began, g animals had convul- 
sions during the subsequent test periods 
whereas 9 animals had none. Judged by 
this comparison, there is no relation 
whatsoever between learning ability and 
susceptibility to convulsions. 

Frequency. The g animals which 
learned and also had convulsions had, as 
a group, a total of 39 convulsions. These 
9 animals represent approximately one- 
third of the total number of animals hav- 
ing convulsions (26), and 39 represent 
approximately one-third of the total 
number of convulsions which occurred 
(113). Actually, convulsers which learned 
averaged 4.3 convulsions; nonlearners 
averaged 4.4 convulsions. This indicates 
that the learners do not differ from the 


nonlearners materially with respect to 
the frequency of convulsions in animals 
which have them. 

Learning order. Of the first 5 ani- 
mals to learn, 21M, which made by far 
the best learning record of any rat in the 
group, had no convulsions; the second rat 
to learn had ten convulsions. Of 2 rats 
tied for third in rate of learning, 1 
had nine convulsions whereas the other 
had none. The rats which were fourth 
and fifth in rate of learning had no con- 
vulsions. There is certainly no evidence 
here that learning ability is related to 
susceptibility to convulsions. 

Time required for learners to meet 
criterion. The average number of days 
required for the convulsers to meet the 
criterion was 48.6, whereas the average 
for the non-convulsers was 45. In view of 
the wide range in rate of learning (day 10 
to day 96) this slight difference (3.6 days) 
in favor of the non-convulsers is probably 
negligible. If the one phenomenal 
learner of the experiment is omitted from 
the non-convulsing group, the difference 
is even less. 


2. Learning in Convulsers Contrasted 
with Non-convulsers 

Although the above comparisons have 
been restricted to animals which learned 
before sound tests began, additional com- 
parisons of learning scores can be made 
for the entire group of 50 animals 
divided with respect to occurrence vs. 
nonoccurence of convulsions. 

a) Errors for entire pretest period. The 
group of animals which convulsed 
averaged 87.1 errors for the period, or 
a mean of 3.3 errors per day. The group 
of animals which at no time convulsed 
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averaged 79.7 errors for the period, or 
a mean of 3.3 errors per day. No differ- 
ence is found, i.e., convulsers do not 
differ from non-convulsers in discrimina- 
tion performance. _ 

b) Errors for ten-day period im- 
mediately preceding tests. To make sure 
that no differences are obscured by differ- 
ences in rate of learning, in spite of data 
available which cast considerable doubt 
on the existence of such a difference, the 
error status of convulsers and non-con- 
vulsers for the ten-day period just prior 
to the beginning of tests has also been 
examined. The mean number of errors 
per day for the group which convulsed is 
2.3; the mean number of errors per day 
for the non-convulsers is 2.4. Again, there 
is no evidence that convulsers differ from 
non-convulsers with respect to learning 
achievement. 

c) Time required for learners to reach 
criterion. Of the group of 26 convulsers, 
8 failed to meet the criterion of learning 
by the close of the experiment. Of the 
group of 24 non-convulsers, 5 failed to 
meet the criterion of learning by the close 
of the experiment. For the remaining 18 
convulsers which learned at some time or 
other during the course of the experi- 
ment, the mean number of days required 
to reach the criterion was 65.2. For the 
remaining 19 non-convulsers which 
learned at some time or other during the 
experiment, the mean number of days 
required to meet the criterion was 66.3. 
Particularly in view of the wide range in 
number of days required to meet the 
criterion by the different rats (days 10— 
96), this difference (1.2 days) is negligible 
and supports the impression gained from 
examining the error scores that there is 
no obvious relation between discrimina- 
tion performance and susceptibility to 
convulsions. 


6 JANE 


SHOHL 


B. Errecr oF AUDITORY STIMULATION ox 
DIsCRIMINATION PERFORMANCE 


One of the major objectives of the ey. 
periment was to find out how exposure 
to sound affected performance in a long 
practiced discrimination. It was particu. 
larly desired to study the effects where 
animals showed signs of abnormal be. 
havior during the exposure to sound, 
The following sections give the results of 
the analysis. 


1. Pretesting Performance Compared with 
Performance for the Entire Experiment 


To obtain a crude indication as to 
gross effects of the sound tests, perform. 
ance before the beginning of tests wa: 
compared with performance for the en. 
tire experiment in terms of errors, start- 
ing time, and total time. Pearson prod- 
uct-moment coefficients of correlation 
have been calculated and are presented 
in Table 1. The high correlations be. 
tween the data for the pretest and total 
periods (.91 for errors, .85 for starting 
time, .94 for total time) show that there 
is no gross effect of the sound-testing 
which can be detected by this means. 


TABLE 1 


INTERCORRELATIONS: PRETEST SCORES VS. 
Scores 


Total Total 


Total Ss 
tarting Total 
Errors “Time Time 
Pretest starting 
time 85 
Pretest total time 94 


2. Effect of Exposure Alone on 
Discrimination Performance 


The plan of the experiment included 
evaluation of the effects of exposure to 
sound on the discrimination performance 
of the animals. The test exposures were 
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EFFECTS OF EXPOSURE TO SOUND ON LEARNING IN THE RAT 7 


made as described in the section on pro- 
cedure. First, attention will be paid to 
the effects of exposure alone. 


In this paper, the term “seizure” is a general 
epithet including any and all abnormal be- 
havior patterns elicited by exposure to sound. 
The term “convulsion” is restricted to patterns 
where the animal showed unmistakable, severe 
in-co-ordinated alternating contraction and re- 
laxation of body muscles. “Convulsion” as used 
in this discussion does not include cases where 
the violent running pattern described by others, 
and also observed in these animals, occurred 
alone. When, as frequently happened, the animal 
exhibited the violent running pattern and im- 
mediately went on to have a convulsion, the 
animal was credited with a “convulsion” during 
the exposure in question. 


(a) Performance on exposure days com- 
pared with performance on control days. 
Performance on control days was com- 
pared directly with performance on ex- 
posure days for each rat. In making this 
comparison, “control days” were con- 
sidered as being all days after the start of 
auditory testing on which the individual 
animal was not exposed to sound. They, 
therefore, differed in calendar date for 
the different animals, and included days 
intervening between tests as well as days 
of the control periods proper. “Exposure 
days” were taken to include all days on 
which the individual was exposed to 
sound except those days on which the 
animal, if a convulser, had a convulsion. 
Individual means were prepared for each 
animal for the control days and for the 
exposure days and these means were 
treated to obtain mean scores for the 
group for control days and for exposure 
days. 

The results of comparing performance 
on control days and on exposure days in 
terms of errors are given in Table 2. The 
mean daily error score was 1.7 for control 
days, when not exposed, and 1.8 for days 
when the same animals were exposed but 


did not have a convulsion, This differ- 
ence, for those animals which can be com- 
pared (i.e., all but the two which had 
ten convulsions), is not reliable by the 
t-test (4). The results indicate that ex- 
posure to sound does not produce 2 
significant increase in errors in running 


TABLE 2 


EFFECT OF ExPOSURE TO SOUND ON ERRORS 
IN DISCRIMINATION 


Average Errors 


Control Days Exposure Days 


Total 84.9 88.2 
Mean 1.7 1.8 
Difference o.1 


The results of comparing performance 
on control days and on exposure days in 
terms of starting time are given in Table 
3. The mean daily time score was 28.8 
seconds on control days, when not ex- 
posed, and 36.1 seconds on exposure days, 
when the same animals were tested to 
sound but had no convulsion. This 
difference, for those animals which can be 
compared, is not reliable by the t-test. 
There is no significant tendency for rats 
to express disturbance, following tests to 
sound, by an increase in starting time. 

(b) Relation of exposures to position 
habits. In the jumping stand, and in the 
discrimination problem used in this ex- 
periment, position habits take the form of 
consistent choices to the right or left on 


TABLE 3 


Errect oF ExposuRE TO SOUND ON STARTING 
IN DISCRIMINATION 


Average Starting Time 


Control Days Exposure Days 


Total 1438.2 1732.2 
Mean 28.8 36.1 
Difference 7+3 
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every trial, whatever the position of the 
goal might be. In this experiment, the 
position of the goal was shifted in a 
“chance’”’ order so designed that the goal 
was placed to the right for one half of 
each day’s trials, and to the left for the 
other half. A rat having a position habit 
necessarily makes five correct and five in- 
correct choices each day under these con- 
ditions, i.e., is credited with a chance 
_error score although it is not responding 
in random fashion. 

The behavior represents a partial solu- 
tion to the rat’s problem, “Which way 
shall I go to get food?” since it tells the 
rat which way to go, but falls short of 
the optimal solution in terms of the goal 
inasmuch as the rat does not gain access 
to the food promptly. The position habit 
is, therefore, a relatively inadequate 
form of behavior. Here it is of interest to 
see whether such inadequate and stereo- 
typed behavior occurred more frequently 
after exposure to sound. 

In making the analysis, a rat was con- 
sidered to have a position habit for the 
day if all his choices for that day were to 
the same side. The incidence and direc- 
tion of position habits for each indi- 
vidual rat were assembled with the ex- 
perimental day number when they oc- 
curred, Day numbers when _ position 
habits occurred were matched with day 
numbers when the animals were exposed 
to sound. 

The records showed that 42 of the 50 
rats had position habits at some time or 
other during the course of the experi- 
ment. Of the 8 animals which failed 
to have them, 3 were convulsers and 
5 were non-convulsers. Of the remain- 
ing 42 animals, 24 showed position 
habits which were entirely confined to 
the period before auditory testing began, 
and these animals could, of course, show 
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no relationship between position habits 
and exposures. 

When the records of the remaining 18 
animals were examined, a most interest. 
ing fact emerged: all but two of the 18 
rats which had position habits during the 
exposure periods were convulsers. Since 
only about half the animals in the experi- 
ment were convulsers, the position habit 
group contains an extremely heavy pro- 
portion of convulsers. This became even 
more significant when the records of the 
two non-convulsers who showed position 
habits during the testing period were 
closely inspected. Both of these animals 
developed position habits early in the ex- 
periment, and maintained them for long 
periods prior to the beginning of the 
tests. Consequently, continuation of the 
position habits throughout the testing 
period seems to demonstrate for these 
animals merely the persistence of a pat- 
tern developed long before the exposures 
to sound. The records of the 16 convul- 
sers with respect to position habits will 
be discussed in detail elsewhere, when 
the effects of convulsions on performance 
are considered. From the survey already 
made, it seems clear that in non-convul- 
sers exposure to noise of itself has no 
tendency to promote the occurrence of 
position habits even in animals which 
had previously shown them, and certainly 
did not cause them to appear de novo 
in animals which had never shown them 
before the beginning of sound tests. 

(c) Relation of exposures to qualitative 
disturbance. In observing the daily be- 
havior of the animals, special note was 
made of apparent disturbance in their 
customary manner of running. The usual 
run was immediate, direct, and rapid, 
without hesitation or delay of any kind. 
Disturbances observed during the course 
of the experiment took serveral forms. 
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EFFECTS OF EXPOSURE TO SOUND ON LEARNING IN 


1. The rat might remain motionless on the 
starting table—unnaturally quiet for a rat—with- 
out exploration or head movement after the 
manner Of rats exposed to an entirely new situa- 
tion. 

2, The rat might run the pathway, but in a 
jerky manner, with his belly to the pathway. 

g. The rat might hesitate markedly, or balk 
at the corners of the pathway. 

4. The rat might appear particularly sensitive 
to slight incidental noises. 

5. The rat might show unusual responses at 
certain points in the pathway, e.g., refuse to ap- 
proach the food contained after reaching the goal- 
table, or refuse to step onto the goal-table from 
the pathway. 

6. The rat might retrace part or all of the dis- 
tance traveled. 

7. The rat might defecate on the apparatus. 

8. The rat might wash its face at the choice- 
point and corners. 

g. The rat might, in this very familiar situa- 
tion, sniff at the pathway. 


Patterns 5, 6, 7, 8, and g occurred 
rarely, usually were characteristic of one 
or two animals, but were almost never 
observed during the long period of run- 
ning before the beginning of the sound 
tests, All the patterns described were 
arbitrarily called “x” patterns, and were 
taken to show qualitative behavior dis- 
turbance. Runs on which such behavior 
appeared were designated ‘“x-runs.” 

Individual animals were compared 
with respect to the average number of 
runs each day on which the rat dis- 
played some form of qualitative disturb- 
ance in behavior. The behavior had been 
noted in 27 animals at some time or other 
on days when they were not exposed, and 
in 10 animals at some time or other on 
days when they were exposed but had no 
attacks. The number of times the be- 
havior appeared was, however, increased 
on the exposure days (from an average of 
0.8 to 2.3) for animals which showed it, 
and appeared in certain animals with con- 
siderable frequency. Evidently, a few of 
the rats expressed disturbances following 
exposure to sound by changes in the 
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qualitative features of the running be- 
havior, but this was a highly individual 
matter, 


3. Effect of Convulsions on 
Discrimination Performance 


(a) Performance on convulsion days 
compared with performance on control 
days. Performance on control days was 
compared for each animal directly with 
performance on days when the rat had a 
convulsion. Control days were the same 
days considered as in making the cor- 
responding comparisons for the effects of 
exposure only. Convulsion days were all 
those days on which the animal in ques- 
tion showed a complete convulsive pat- 
tern on exposure to sound. Individual 
means for each animal for contro] days 
and convulsion days were obtained, and 
these means treated to obtain mean scores 
for control days and for exposure days. 

The results obtained by comparing 
errors in performance on control days 
with errors on convulsion days are pre- 


TABLE 4 


EFFECT OF CONVULSIONS ON ERRORS IN 
DISCRIMINATION PERFORMANCE 


Average Errors 


Control Days Convulsion Days 


Total 
Mean 
Difference 


84.9 


* Significant at less than 1% level. 


sented in Table 4. Although exposure of 
itself has, as previously shown, little or 
no effect in producing increase in errors 
in running, convulsion has a decided 
effect in increasing errors in running. 
The results obtained by comparing 
starting time on control days with start- 
ing time on convulsion days are pre- 
sented in Table 5. There is a decided 
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tendency for a rat which had previously 
had a convulsion to show an increased 
starting time on its trials for the day. 


TABLE 5 


EFFECT OF CONVULSIONS ON DISCRIMINATION 
PERFORMANCE 


Average Starting Time 


Control Days Convulsion Days 


Total 
Mean 
Difference 


1438.2 
28.8 


2126.4 
81.8 


53-0* 


* Significant at less than 1% level. 


(b) Relation of convulsions to position 
habits. Position habits have already been 
discussed in relation to their occurrence 
during the exposure period, and it has 
been pointed out that of the 18 animals 
having position habits during the ex- 
posure periods, 16 were convulsers and 
2 had demonstrated position habits of 
long standing before the beginning of 
tests. It, therefore, becomes of particu- 
lar interest to examine the records of 
convulsers, especially for convulsion days. 
This was done by matching days of con- 
vulsions with days on which position 
habits occurred in the individual rats. 
Certain of the animals showed a striking 
coincidence between the development of 
position habits, or revival of position 
habits previously abandoned, and the 
occurrence of a convulsion on the same 
day. The inference gained from this 
study of the relation between position 
habits and convulsions is that for certain 
animals there is a distinct tendency to 
develop, revert to, or maintain position 
habits during periods when convulsions 
are occurring, and in some cases there is 
a close relationship between the occur- 
rence of a convulsion and the occurrence 
of a position habit on the same day. 

(c) Relation of convulsions to quali- 
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tative disturbance. In order to study the 
relationship between frequency of con. 
vulsions and frequency of the qualitative 
disturances described in a preceding sec. 
tion, the last go days of the experiment, 
days 69 to 98 inclusive (the period during 
which auditory exposures were in prog. 
ress), were taken as a sample period. The 
number of “x-runs” made by the different 
individuals were then compared as fol- 
lows: The mean number of “x-runs”’ per 
day for convulsers on convulsion days 
during the sample period in question 
was compared with the mean number of 
“x-runs” per day for all animals on con. 
trol days (when the animals were not ex- 
posed to sound). 

Twenty-seven out of 50 animals showed 
qualitative changes in behavior on unex- 
posed days, and 17 out of 23 on days con- 
vulsions occurred. The average number 
of “x-runs” on the days when convulsions 
occurred was 3.5 “x-runs” per rat per day, 
while the average number on control days 
was 0.4 “x-runs” per rat per day. (Ani- 
mals showing the behavior averaged 4.6 
“x-runs” on convulsion days and 0.8 on 
control days.) The differences in favor of 
convulsion days (3.1, 3-8) indicate that 
there was a clear-cut observable altera- 
tion in behavior following the occur 
rence of a convulsion on the same day. 

The total number of “x-runs” during 
the terminal 30-day period was compiled 
for each animal, and the animals were 
then divided into two groups. The “con- 
vulsers” included all animals which had 
convulsions at any time during the en- 
tire experiment; the “non-convulsers” 
were animals which at no time had con- 
vulsions. The group mean numbers of 
“x-runs” for the two groups were then 
compared. 

Only 6 rats out of the 24 in the non- 
convulser group ever showed behavior 
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ERRORS—Duration of Effect. 
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considered by the experimenter to in- 
dicate disturbance, while 21 out of the 
26 animals in the convulser group showed 
behavior indicating disturbance at some 
time or other during the sample period. 

The average number of “x-runs’” for 
each non-convulser during the 30-day 
terminal period was 2.6, while the aver- 
age number of “x-runs’” for each con- 
vulser during the same period was 31.5. 
If only individuals which showed the be- 
havior ate included, the average number 
of “x-runs” for the non-convulsing group 


was 1.1 “x-runs” per animal for the pe- 
riod, while for convulsers the average was 
39.0 “x-runs” per animal for the period. 
The differences clearly show that be- 
havior indicating disturbance occurred 
with much greater frequency in the con- 
vulsers than in the non-convulsers. 

(d) Duration of effect. To find the 
duration of the effect of convulsions on 
error and time scores, the animals were 
divided into two groups, convulsers vs. 
non-convulsers after each exposure series, 
and their scores during the subsequent 
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STARTING TIME—Duration of Effect. 
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control period were studied day by day. 
If a marked effect of the convulsion per- 
sists for several days, convulsers should 
show higher error and time scores than 
the non-convulsers during the early part 
of the subsequent control periods, and 
should approach the scores of the non- 
convulsers during the later part of the 
control periods, as the effect wore off. 
Since the animals were not all tested 
simultaneously, they were subdivided in- 
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to groups according to the time of 
testing. A group mean was obtained for 
the convulsers and for the non-convulsers 
for each day of the control period in ques- 
tion. The results are demonstrated in 
Graphs 1 and 2. The error curves 
(Graph 1) show no tendency at any time 
for convulsers to have higher error scores 
than non-convulsers during the early 
part of the control periods and fall to- 
ward the non-convulsers’ scores during 
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the later part of the control periods. The 
starting time curves (Graph 2) show no 
tendency at any time for convulsers to 
have higher time scores than non-con- 
vulsers during the early part of the con- 
trol periods and fall toward the non- 
convulsers’ scores during the later part 
of the control periods. 

Thus, the effects of a convulsion on 
error and time scores, which have been 
demonstrated for performance on the 
day of the convulsion, do not persist to 
any great degree over periods of several 
days. 

(e) Cumulative or adaptive trends. 
It is possible that during the test se- 
quence repeated convulsions would have 
a cumulative effect in disturbing the rat’s 
performance. On the other hand, it is also 
possible that during the test sequence, 
adaptation occurred so that later tests 
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were less effective in disturbing the rat’s 
performance than earlier ones had been. 
To find out if cumulative or adaptive 
trends appeared, the following proce- 
dures were carried out. 

(1) Individual records for the test 
series. The individual error records of 
convulsers for the entire course of the 
test series (10 tests) were tabulated and 
studied. Inspection of these records shows 
that no individual displayed a marked 
consistent tendency to increase or de- 
crease in number of errors as testing pro- 
gressed, when convulsion days only are 
studied for each individual sequence. The 
same is true when the entire series, in- 
cluding all exposure days, is considered 
for each individual. There is no evidence 
from the individual error performance 
scores that either cumulative disturbance 
or adaptation to the situation occurred 
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Group Means for 
Convulsion Days of Test Series. 
STARTING TIME 
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during the test sequence. 

The individual starting time records of 
the convulsers for the entire course of the 
test series were tabulated and studied. In- 
spection of these records shows a tend- 
ency of some of the rats to increasingly 
prolonged starting times as tests were 
repeated, It appears to some extent in 7 
of the 12 animals for which 3 or more 
convulsions occurred. The general pic- 
ture seems to point to a tendency for 
starting time to increase in a cumulative 
manner with repeated convulsions. 

(2) Longitudinal group records for 
the test series. Longitudinal group rec- 
ords for the exposure series were ob- 
tained by averaging the scores of all 
animals having a convulsion on a given 


test. The results are presented in Graphs 
3 and 4, in terms of errors and starting 
time respectively. 

Study of the graph of group average 
error scores for the successive tests shows 
no clear-cut indication of either cumula- 
tive or adaptive effect with repeated tests. 

Study of the graph of group average 
starting time scores for successive tests 
shows a tendency to rise during the early 
tests of both series (2, 3, 6, 7, 8, and 9) 
with a later descent. The rise is more 
pronounced and prolonged for the 
second series than the first. This is the 
result to be expected if there is a cumu- 
lative effect of the tests. 

(3) Comparison of first half of the 
test series with second half. For those 
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individuals which had convulsions dur- 
ing both halves of their test series, i.e., 
during the first five exposures and the 
second five exposures, it is possible to 
compare scores for the two series, There 
were 14 individuals in this category, and 
individual scores on convulsion days 
have been prepared for them, divided 
into averages for the first five tests vs. 
averages for the second five tests. 

Out of the group of 14 rats being con- 
sidered, 7 averaged more errors on con- 
vulsion days of the second test series than 
the first, 6 averaged fewer on the second 
test, and 1 made the same average error 
scores for both series. The group mean 
averages were 3.0 errors for the first 
half, and g.2 errors for the second half. 
There is no indication from these data 
that either cumulative or adaptive effects 
occurred, 

Out of the group of 14 rats being con- 
sidered, 11 averaged more time on con- 
vulsion days of the second test series than 
the first, while 3 averaged more time on 
the first, The group mean averages were 
65 seconds for the first half and 129 sec- 
onds for the second half. These results 
tend to confirm the impression gained 
from the individual and graphic studies 
that there is a cumulative effect of the 
convulsions in terms of starting time. 

(4) Position habits. Rats which de- 
veloped position habits during a series 
of convulsions showed a tendency to do 
so only after several convulsions had 
occurred. 

(f) Defective learning vs. defective per- 
formance. Since learning continued 
throughout the experiment for the group 
as a whole, it is possible that the dele- 
terious effects of the convulsions are due 
to impaired learning, in those animals 
which had convulsions, rather than to 


impaired performance in a familiar situa- 


tion. In order to study this question, 
rats which had learned were selected, and 
their performance on convulsion days 
was compared with their own perform- 
ance on control days and also with the 
performance of non-convulsers on test 
days. 

For convulsers on convulsion days a 
mean daily error score was obtained by 
selecting only those animals which had 
met the learning criterion. Mean daily er- 
ror scores were also obtained for the con- 
trol period of the same animals. Group 
mean scores were calculated for these 
learners for convulsion days as compared 
with control days. 

The convulsers made a group mean 
score of 1.8 errors per rat per day on con- 
vulsion days, compared with a group 
mean score of 1.0 errors per rat per day on 
control days, a difference of 0.8 errors. For 
the entire group of rats the correspond- 
ing means were 2.6 on convulsion days 
and 1.7 on control days, a difference of 
0.9 errors. Thus, the learners showed in 
terms of absolute number of errors about 
the same increase as the whole group; and 
since their absolute number of errors was 
smaller, learners showed a greater pro- 
portional increase in errors on convulsion 
days than the group as a whole. If any- 
thing, the effect of the convulsion in 
terms of errors is more marked for the 
learners than for the group as a whole, 
indicating that the defect is probably 
one of performance. 

Starting time scores analogous to those 
described for errors were also obtained. 
The results show that the group mean 
starting time for convulsers which had 
learned was, on the convulsion days, 64.7 
seconds per rat per day; and on control 
days, 22.7 seconds per rat per day, a dif- 
ference of 42.0 seconds. For the entire 
group of rats the corresponding means 
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were 81.8 and 28.8, a difference of 53.0 
seconds. The learners showed an absolute 
difference of the same order of magnitude 
as the entire group, and since the ab- 
solute scores for the selected group of 
learners are slightly lower, the relative 
increase on convulsion days is greater 
than for the group as a whole. The in- 
ferences are the same as those derived 
from the error scores. 

The daily mean error and starting 
time scores for the group of convulsers 
which learned on the days they con- 
vulsed, calculated as _ previously de- 
scribed, was compared with the average 
of the daily mean error and starting time 
scores for animals which had learned but 
did not have convulsions on the test 
days. 

The learner group mean score for con- 
vulsers on convulsion days was 1.8, and 
for the non-convulsers on test days was 
0.5 errors, a difference of 1.3 errors. The 
corresponding scores for the whole group 
were 2.6 errors for convulsers on convul- 
sion days, and 1.8 errors for non-convul- 
sers on exposure days, a difference of 0.8 
errors. The difference for the learners is 
both absolutely and relatively greater 
than for the group as a whole, indicating 
that the defect is probably one of per- 
formance rather than learning. 

Increase in errors is commonly con- 
sidered to show impaired learning, while 
increase in time is commonly considered 
to show impaired performance due to 
certain factors, e.g., emotional changes. 
Throughout the experiment, time proved 
a more sensitive measure of disturbance, 
indicating again that the changes in be- 
havior were primarily due to defects of 
performance. 

(g) Regression. In discussing position 
habits in previous connections, it was sug- 
gested that this type of response repre- 
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sents an inadequate solution of the ani. 
mal’s problem. Animals which developed 
position habits did so for the most part 
early in the course of practice and aban- 
doned them soon afterward for the more 
adequate goal-oriented response. Hov.- 
ever, it has also been shown that certain 
animals demonstrated position habits 
during the testing period. While this was 
a new event for certain animals, for other 
animals it was a return to a habit pre- 
viously abandoned. If regression implies 
reversion of the animal to a (relatively 
inadequate) pattern previously developed 
and abandoned, rats in the last-men- 
tioned group showed regression. 

Position habit records were inspected 
for regression in the individual animals 
by selecting those rats which had de- 
veloped a position habit and abandoned 
it before day 40 (three weeks before the 
start of the sound tests), but subsequently 
demonstrated the habit during the period 
of exposure to sound. Five rats fulfilled 
the criteria. It is of considerable interest 
that all five of these animals were con- 
vulsers. The data indicate that regres- 
sion as here defined may occur in con- 
vulsers during periods of exposure to 
noise. 

(h) Manner of expression of disturb- 
ance in individual animals. It has been 
seen that convulsions, by various dif- 
ferent criteria, produced a disturbance in 
the performance of many of the animals. 
It is interesting to examine whether a rat 
which was disturbed expressed the dis- 
turbance in one or two ways only, which 
provided an adequate outlet; or whether 
a disturbed animal tended to manifest 
changes in several of the respects studied, 
indicating a generalized change in the 
individual. 

Inspection of the data shows that there 
is a tendency for the same animals to 
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have extreme scores in the several dif- 
ferent categories of disturbance. Only 
one animal having more than the mean 
number of convulsions failed to express 
disturbance following noise stimulation 
in other respects as well. There is an 
indication that a disturbed rat finds a 
variety of expressions for the disturb- 
ance, 

In order to study the manner of ex- 
pression of the disturbance further, 
biserial correlations were obtained for 
the entire group of animals dichotomized 
between convulsers and non-convulsers 
with respect to: (a) average errors in all 
test days; (b) average starting time; (c) 
average total time; (d) number of x-runs. 
The correlations are given in Table 6. 

The correlations are all positive and 


TABLE 6 


INDIVIDUAL EXPRESSION OF DISTURBANCE 
BISERIAL CORRELATIONS 


Nr B1s 

Average Errors (All Test 
Days) 50 (.36) 
Average Starting Time 50 (.51) 
Average Tota! Time 50 (.51) 
X-Runs 50 (. 50) 


of moderate degree. They indicate that 
convulsers showed more errors, longer 
starting time, longer total time, and more 
“x-runs” than the non-convulsers. This 
comparison further supports the infer- 
ence that a disturbed animal expressed 
the disturbance in a variety of different 
ways following a sound-induced convul- 
sion. 
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N EXPERIMENT has been described in 
which 50 rats were trained for 61 
days in a difficult discrimination situa- 
tion, following which they were exposed 
to noise on 10 occasions each. Practice 
on the discrimination continued during 
the period of exposure to sound. The re- 
lationships between learning and sus- 
ceptibility to convulsions, and the effects 
of exposure to sound on performance 
were analyzed. 

1. With respect to the relation be- 
tween learning ability and susceptibility 
to convulsions, it was found that there is 
no evidence that the two are related in 
any way, either for good learners or for 
the group as a whole. 

2. With respect to the effects of audi- 
tory stimulation on discrimination per- 
formance, it was found that exposure to 
sound in itself does not produce changes 
in behavior by any of the criteria used, 
but occurrence of a convulsion does lead 
to increased error and starting time 
scores, to stereotypy, to regression, and to 
qualitative changes in behavior. The dis- 


III. SUMMARY AND CONCLUSIONS 


turbance could not be detected during 
subsequent control periods of several 
days’ duration. The defect is one of per. 
formance rather than learning, and js 
expressed by individual rats in a variety 
of ways, i.e., is generalized in nature. 

It is concluded that behavior altera- 
tions of rats in a discrimination learning 
situation which occurred following 
sound-induced convulsions were charac- 
teristic of animals in a disturbed emo- 
tional state. The effects are comparable 
in essential respects to those seen follow. 
ing convulsions obtained by other tech. 
niques in rats, and to phenomena seen 
in man following shock treatment and in 
epilepsy. The generalized psychological 
explanation in terms of emotional dis. 
turbance cannot be traced directly to the 
frustrating conditions preceding the con. 
vulsion, to the convulsion itself, or to the 
subsequent catatonia but will probably 
find its physiological counterpart in some 
equally general organic disturbance in- 
terfering with normal cellular metab- 
olism. 
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